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OF RAW MATERIALS 



This invention relates to a process and an apparatus for the gasification 
of the hydrogen and carbon molecules contained m the fed substances. These 
substances can be without distinction liquid, solid, and muddy and can derive 
from industrial processes as well as from processes of selection and treatment 
of municipal wastes and the like. From now on the above mentioned 
substances win be called "raw materials". 

The indefinite boundaries of the so called "sustainable development" 
clash: every day with the growing needs for clean energy and with the 
necessity to eliminate all substances which cannot be recycled in the processes 
by which they have been generated or for the purposes they have: beep 
produced. Said substances are genetically called wastes and treated as such in 
processes using rather poor technologies. The building of large dumps was the 
first "technological" solution of "wastes" disposal. The construction of 
incineration plants where the technological alternative was (and still is) 
between the "grid" and the "ftaidized bed", overshadowed the gas combustion 
treatment plant, a. major problem in terms of ecological efficiency {big 
emissions volume), energy recovery (low efficiency of recovered energy), 
plant size (the neutralization plant is much bigger than the incineration 
section), operating costs (the gas neutralisation cost exceeds the incineration 
cost). 

From what said above, it is obvious that thai the incineration technology 
has major limits that canrso; be tolerated any longer. 

The present invention provides a process for the production of high 
purity hydrogen and carbon dioxide starting from raw materials suitably 
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produced and/or obtained directly from the wastes), usable in any industrial or 
civil activities as raw material without causing atmospheric pollution. 
Particular attention, has been paid to the prior art. A comparative analysis 
clearly shows the substantial novelties of the present invention. In support of 
5 this statement see the enclosed table where the characteristics of the main ten 
patents, the ones considered the most significant and similar, are compared 
with the present patent application. 
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In particular the object of the present document is a process for the 
treatment and conversion c "raw materials, including the foH owlrg phases: 
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1 . combined feeding and dosing of raw materials 

2. fast pyrolysrs with gasifl e i lee tiles >nta.i i in the fed 
materials 

3. extraction of the gas : tion solid ineris in powder or vitrified form 

4. neutralization and purification of the obtained syngas 

5. syngas compression 

6. ata - c » v c i ( 

7. separation of the carbon dioxide contained in the syngas 

8 . separation of ibe hydrogen eentamed m the syngas 

9. recovery and re-use of the residual syngas mixture 

Another object of this invention is an apparatus for carrying out the 
above mentioned process. 

The above mentioned phases foresee the following steps: 
1. fEGCESS 

Av 1 he raw materials which can be liquid, solid or muddy and which are 
divided in homogeneous groups, are dosed in a ai native-quantitative 
ratio so that the quantity of H 2 and C contained, guarantees the final 
production of H 2 and C0 2 allowing the process economic maintenance. 
In this feeding step, all operations and equipment are well known. On the 
other hand, the sequence and the procedure in which these operations for 
feeding solid raw materials are effected are new and very important for 
carrying out the fast gasification. If it is considered that the compression 
and thickening of raw materials, due to the elimination of the air 
contained therein, the fact that the compressed raw materials themselves 
prevent air from entering, that subsequently the grinder allows the 
fluidi ideation to a controlled size, make a sequence of operations which 
allow ti • .' ' ikon at the desired times and modes. The raw materials 
are fed. through differential pressure systems which prevent the air of ore 



atmosphere from entering the reactor, and, viceversa, prevent the syngas 
inside the reactor from coming out and spreading into the atmosphere. 
The use of metering pumps, gear pumps, monoscrew or piston pumps 
according to the suspe ? foreseer for 

liquid and muddy substances. These substances, before being added to 
the reactor, are subjected to preheating up to ~1 10°C , to reduce the boil- 
off time of the liquid fraction fed into the reactor. If necessary, the solid 
substances should undergo separation of the metallic components and of 
most of aqueous fraction, before their feeding. In ease of a size larger 
than 20 cm., one. has to start with the primary grinding, an operation 
which is run near the storage tanks. A pneumatic- or mechanic-type 
transport system (belt conveyors, redlers etc.) will move the already pre- 
treated raw materials near the reactor-loading door. The solid m >s - 1 ices 
undergo a thickening before their introduction. This is obtained through 
oil-pressure push pistons which compress the fed solids, by eliminating 
the air contained into them almost totally. The solids, which are in 
thickening phase are pushed into the reactor through a calibrated month, 
thanks to a higher pressure. In this way a feeding differential pressure is 
reached allowing, by making a physical obstruction, the solid substances 
feeding without the an being able to penetrate into the reactor, and 
without the syngas being able to go up again into- the feeder channel The 
raw materials, thickened in the differential pressure feeding system, meet 
3 rh as pri try el en nt :Tthere ct i which i ec scl 1 -e sen 
allowing to obtain reduced and exact granuiometries and sizes. These 
characteristics are the essential condition for carrying out the fast 
pyrolysis in the following reactor sections. 
Fast gasification 

The raw irate; als are g 1 ide a eriica! exp nsion memotubular 
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reactor. The cracking process is a .chemical decomposition process 
< xcli si-s { a ) ansed by fi e tiiei i al energy intervention, In case of lack of 
air (and of oxygen in excess) and therefore in reducing ambient, the 
cracking causes thermal-chemical decomposition of the organic matter. 
This endothermic process produces the decomposition of the complex 
molecules forming the fed raw materials, transforming them into an 
uncondensabie gaseous phase (syngas) mainly composed of hydrogen, 
carbon monoxide, nitrogen, carbon dioxide, and, containing lower 
amounts of chlorine, sulphur, fluorine and any metals present in the fed 
raw materials. 

Fiie reactoi is Lent at a pro ature whos 'hen sal noil c 

can start from a minimum value ranging from «350°C to «60§°C along 
the reactor length in the feeding section (reactor top) and can reach 
~12G0°C in the final gasification section (reactor bottom). In case of fine, 
very reactive or lov, * powde e starting an t nperatnres 

can be lower {-300— 8O0°C). The minimum length of the reactor 
gasification area should be approximately 8 m., while the maximum one 
can reach about SO m. 

The reactoi gasification portion is sized the mean velocity of the 
generated syngas ranges between 3 and 4 m/sec. Consequently the 
section of this reactor portion may vary, as each cross area is sized 
according to the mean gas flow rate winch is calculated at that point, 
which depends on the local working temperature. The thermal profile of 
the reactoi is ohta ned by sin dim lu th ortion oi the reac oi 1 wl ich 
gasification tahes place into at least 1 meter long thermal areas. One (or 
more than one) torch is located in every thermal area. The number of 
torches may he increased as the branch section and plant capability 
i i ass in o'de T *o gua an tee the act 
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temperature Fhe >rches are fed J with 

combustible gas, which are added at substantially stoichiometric ratios. 
The above mentioned 8 meter long gasification portion of the reactor 
consists of S thermal areas, having the same length. The thermal profile 
5 depends on the type of fed raw materials or possibly on their mix. 

According to the quantity of water, the quantity and the quality of the 
inorganic .material, the particle size and consequently the reactivity of the 
fed substances, it may be in some cases necessary to set such a thermal 
profile as to reach the max. temperature in as minimum a time as possible 
10 (see graph 1), while in other cases it could be more convenient to reach 

the max temperature only m the final part of the gasification portion (see 
graph 2), 

Two examples of the thermal profile for the gasification portion, supposed 
to be 20 m. long, are reported in the annexed Figures 5A and SB. 

15 C. Discharging section of the gasification solid residues 

This step can be carried out in two different ways and the choice will 
depend above all on the average typology of the raw materials which are 
fed to the plant, and by the final destination of the obtained residues. The 
technologies used for the discharge of these residues are per se known. 

20 On the contrary, the possibility of use, as alternative, of such two 

different systems at the gasification section of the same reactor, is new. 
In fact, using the variable thermal profile it is possible to obtain the solid 
residues entering at this step at a more suitable temperature for carrying 
o ? th i eatmeni A nthet o /elt> s c le sc 1 resid t )ass c i & 

25 reducnju -itui-sphere n> an oxidizing one, at controlled percentage, thus 

promoting the thermoxidation of the carbon present therein. 
CL Discharge in powdery form 

The powdery fc u dischai s e when the disch rge 
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inorganic substance can be easily re-used in industrial processes. This 
may be obtained when predetermined ratios of very homogeneous raw 
materials are fed to the plant. The discharge of these residues in powdery 
form is obtained by means of a final oxidation chamber, horizontally set 
under the gasification chamber of the reactor. This chamber is refractory 
lined and equipped with one or more torches which are fed by the 
oomhureni in excess in order to guarantee the thermoxidation of the 
extracted residues. An archiniedean screw, placed at the bottom of this 
•chamber, pushes the gasification residues into a special section outside 
the reactor. The screw is maintained at constant temperature by means of 
a diathermic oil cooling circuit 
C2 . Discharging in vitrified for*** 

This system is preferable if the mordants substance, extracted in the 
powdery form, is not dkeotly used but is indeed an envirouiaerital risk. 
Vitrification is carried: out: by raising the temperature of the residual 
inorganics until they melt. {» !500°C) S then abruptly cooling them in 
water. A special melter (melting chamber) (alternatively to discharge in 
powdery form by means of a screw) is located under the gasification 
chamber. The melting chamber is equipped with two or more torches to 
supply the heat necessary for the fusion. In this way the inert mass, now 
liquefied, flows by gravity, to the reactor outlet. 

The melter, which is also equipped with refractory lining, has as 
appropriate inclination. This chamber serves as bomogenizatioa chamber 
and as oxidation chamber of the carbon absorbed in the molten mineral 
and metallic mass. Two or more torches are installed on this fusion 
chamber. Said torches are fed with fuel and an a comburent excess (2- 
4%) to the stoichiometric ratio, in order to ensure oxidation of the 
residue earbos before discharge. 



The outlet which is located at the end of the homogenization channel, 
allows the rased mass, th , to Sox* into the 

water basis below, where vitrification, takes place due to the violent 
cooling, 
Heat recovery 

The syngas exiting the gasification chamber is conventionally fed, to a 
heat exchanger, In this way a part of the syngas enthalpy is recovered to 
produce. The syngas enters the exchanger at about 1200°C and comes out 
at about 250°C. The steam produced at about 25 bar pressure is used in 
the column for the conversion of CO+H 2 0 into H 2 +C0 2 . 
Syngas neutralization and purification 

The s\ngt^ piOw i tH i < % ~ r i diffe 

impurities from the fed raw materials. These impurities, such as HQ, 
FbS, HP, SO?, metals and possible carbon black are conventionally 
removed in the neutralization and purification section, which is formed 
by a multi-step system. The first step consists of a quencher where the 
syngas is subjected to sharp cooling, by means of water, decreasing the 
temperature from 250°C to 90°C. Then at the second step, the syngas 
undergoes acid scrubbing during which metals and powders are absorbed. 
At the third step the syngas is subjected to a basic washing, through 
which any acid substances still present are removed, then it is cooled to 
40°C. The substances removed through the various cleaning steps are 
present in the scrubbing waters, which are in turn purged by precipitating 
off the pollutants, in order to allow the water recycling. 
Syngas compression 

The syngas, now comph ely neutra J and cleaned, is conventionally 
fed to a multi-stage compressor where they are compressed under a 
pressure of about 25 bars. 
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G. Separation and storage of the produced pure gas 

The syngas mixture composed of H 2} CO, CO?., N? is fed to a set of 
columns for the well known steps hereinhelow described: 
GI catalytic conversion of CO into H 2 +C0 2 (84% conversion 
performance) 

G2 separation of C0 2 (97% performance) through absorption and 

sending to storage as liquid, ready for marketing phase 
m separation of S 2 (81% performance) timwgfc absorption on 
molecular sieves and sending to storage having a pureness of 
99.9%; ready for marketing or recycling as energy source. 
Kb Recycle of the residual syngas mixture- 

A residual syngas mixture, composed of H 2 , N 2j CO and CO% s comes out 
of the separation columns. This mixture is seat to the production group of 
o ' steat production) or electric energy (turbine - 

Otto cycle engine). 

The present invention also relates to the equipment for carrying out the 

process according to the invention. 
2. RQliLPMHNT 

The most important apparatus of this process is the gasification reactor. 
This reactor is consists of three portions, which are integral part thereof The 
first portion consists of a feeding section, at differential pressure; the second 
sists of the e profile sification area; the third one 

consists of the gasification solid residues discharging system. 
2.1 RAW MATERIALS FEEDING AREA 

The feeding and dosage of the raw materials ave great importance for 
carrying out the process of the invention. Very important elements are in fact 
the feeding continuity, the size of the fed solid material and the feeding 
differentia! pressure as blockage system, is order to prevent ambient air from 
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entering the gasification reactor. The equipment described in this section is 
well known, while the novelty lies in ' , ene< s is effected 

iuri s.g the feeding >f a g 1 reactor Tee r,u\ mate iais to be fee t - the 
gasification reactor are stored in basins or silos, and their size is rot larger 
than 20 cm. They are divided into homogeneous groups so that they can be- 
easily fed to the feeding group, which is located at the top of the gasification 
reactor, through traditional transport systems. 

The following areas form the raw materials feeding group (see fig. 2): 

receiving and compaction area 

This area is double to guarantee a eoniinnons feeding to the gasification 
reactor. The raw materials from the storage tanks are loaded into the 
feeding group service tank. At the discharge point of this service tank, a 
two-way valve is present to send the raw materials into the thickening 
channel 33. When this channel is full, the raw materials are loaded to 
thickening channel 34. In the meantime, channel 33 is closed and the 
contained raw materials are thickened by operating the push piston 49. 
When the desired thickening is reached (0,6 - 0.8 Kg/drn3) the push 
piston is stopped and the slide door valve 36 is opened. This valve links 
the thickening channel to the feeding one, whose section is slightly 
smaller than the channel preceding it. The push piston is operated again 
to continue its travel, which had been previously blocked by the valve 
opening, and it pushes the thickened raw materials slightly beyond the 
slide door valve 36, but stopping at least 50 cm. far from the grinder. 
The cross area of the feeding channel is smaller than the receiving 
channel, thereby further thickening the raw materials, thanks to the push 
dstoi onion, and coo pi etch occupies the ehan - 1 ; ge section, thus 
forming a ping, which is replaced at every push of the piston and 
effectively prevents the ambient air from entering the reactor. When the 
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push piston ends its mining, it is moved hack to its starting position, the 
slide door valve 36 is f , g c i for the 

next loading, by operating the two-way valve/In the meantime, the same 
operations as described above are repeated in the thickening channel 34 
5 which is also equipped with a push piston, a slide door valve 41 and a 

feeding channel 42. In this way, with alternating operations in sequence 
the continuous feeding to the gasification reactor can be guaranteed. The 
dosage of the fed raw materials is. obtained by regulating the speed of the 
push pistons 35 and 40. The feeding group, with the double sequential 
10 loading system, is totally operated by an oleodynamic system which 

provides automatic working. The two feeding channels flow together in a 
•: single collection poi it where a conventional mono-shaft mill, equh p • 
with interchangeable sieve, is located. This apparatus provides precise, 
reduced particle size (which is a paramount condition for the fast 
IS gasification), whose max. size will be 20 mm. for raw materials having 

very small thickness, and will decrease as the thickness increases. 

irge p i can be use'vsl and c i mil on 

each feeding channel. 

The ground raw materials are fed to the gasification reactor entrance 
20 through an archirnedean screw. The end portion of the feeding channel, the 
mill and the archirnedean screw for the transport to the reactor are 
continuously made inert by a C0 2 flow which ensures working safety, by 
preventing any backfl ashes or overheating in said restricted areas of the 
plant. As regards liquid raw ni ; ie> a e ei nt 3 the reactor by a pump 
25 ensuring a pressure of at least 5 bars. The pressurized liquid is fed to a lance, 
ors whose final part, which is located inside the reactor, a nozzle is installed 
which carries out the meehanica , o r zat.cn by Iransfc * 
stream into a conic jet composed of very small droplets. The lance should be 
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located the gasificatioi reactor in eorv * « 1 area of at 

least 700°C. The liquid raw materia] fa d ag gr ur. c asis ? of the following 
equipment: 

medium head pump 
5 - electronic volumetric meier for the flow rate control 

valve for the flow rate electronic regulation 

heat exchanger for the fed liquid preheating (»110°C) 

lance, for the mechanical atomkatioa 
2.2 GASIFICATION AREA 
10 The gasification area of the reactor of the invention is designed to cause 

continuous last gasification reaction. 

This area of the reactor consists of a series of cylindrical sections, one 
on top of the other, having different diameters. On each seotion, a couple of 
torches, at least one meter far from the other, are positioned with 
IS corresponding thermoinetric tracking: the number torches couples depends on 
the diameter and length of the section and on the plant capability. The torches 
are fed with oxygen (as a eoinbarent) and with the gaseous fuel available 
(methane, propane, syngas, etc.) in a stoichiometric ratio. 

The monctubular reactor is made of cylindrical sections, equipped with 
20 suitable frustum-cone tapers, which make them superiniposable even in 
presence of different diameters, thereby allows a modular structure and the 
possibility to move them, even having the refractory lining already 
installed.. This feature enables the reduction of assembly time at the yard also 
as regards reactors with max flow rate allowed (10 ton/h), as all plant parts 
25 can be pre-assemhied at the workshop and then be moved and definitely 
assembled a; the fina 

The advantage of this sour r s that b] comple construction 
steps in the workshop (mechanical structural works, refractory lining), the 
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work quality is considerably high, the construction costs decrease, the 
carrying out time is shorter, Furthermore, the- building modular structure 
allows to have spare reactor sections in the workshop, thereby making the 
replacement of a spare section for a broken om easily possible and 

5 convenient, minimising the stop plant time to the advantage of the production. 
The gasification area consists of a series of cylindrical sections,one on 
top of the other. All these sections have a three layers refractory lining, having 
different thickness, which allows to have a max. working temperature of 80 °C 
on the externa! surface made of carbon steel. The lining layer on contact with 

10 the syngas will have an at least 80% alumina content, weighing at least 2.8 
Kg/drnS, 

On a side of the first cylindrical section, located at the top of the 
gasification area, a door is set for tie connection of the screw transporting the 
gronnd raw materials from the feeding section. The reactor can he equipped 

15 with one or more feeding sections so that to gasify, at the same time, raw 
materials which are physically different, and that, for safety or process 
reasons, can not be mixed together. The bottom of this first cylindrical section 
s con vacted to the j t der be ow, the upper part is closed by a door that can 
be p ed in iu 3 ' v. i s; vv < n . ie 1 v easier - first 

20 cylindrical section is lined and a cooling liquid is circulated in the interspace 
to avoid overheating and to keep the working temperature in this area 
constantly lower than or equal to 150°C, The hoi liquid front this section is 
sei* o toe i . 3 e - c e r ig sere 1 1 1 

the fed raw materials, hy the recovered heat, 

25 After the first cylindrical section tor the introduction of raw materials, 

we consider now the next cylindrical sections which compose the gasification 
area. This area of the reactor consists of a series of coupled cylindrical 
sections, with coupling flanges in order to be always superinmosable for a 
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vertical development The length, of each cylindrical section lias to be modular 
according to the total dimensions of each reactor. For example, the 
gasification chamber is 12 in high and can he composed of 12 cylindrical 
sections 6 m high, of 3 sections 4 m high, or of a .middle solution to the ones 

5 indicated. The choice depends on the desired handiness, deriving from the 
section and weight of each section, during the building and assembly steps. 
The diameter of each cylindrical section depends on the expected quantity of 
developed syngas expressed in Nm3/h and consequently on the flow rate in 
Kg/h of the fed raw materials. The speed of the developed syngas, considering 

10 the working temperature of each cylindrical section, should range between 
approximately 3 and 4 mi sec. To guarantee constant speed, the cross area (In 
m2) and the diameter of the cylindrical sections should constantly increase as 
the developed syngas quantity and- volume increase. For this reason the reactor 
cylindrical section., having a larger diameter than the above section, is 

15 equipped with a frustum of cone having end coupling flanges that can be 
coup] - s i e ister cyiindt s e gasiftcatk area 

of the reactor, the height and the numbers of the thermal regions subjected to- 
the direct radiation of the torches are sized according to the criteria described 
below. The height of the gasification .area should be calculated m order to 

20 guarantee to the substance to be gasified an at least two second contact time in 
the thermal areas subjected to tne dree* if- c 

kermai regions nt ngth, considering that each 

thermal region should not exceed 3 meters length and be equipped with at 
least one or more couples of torches. The gasification area of this reactor 

25 provides last gasification with max. performance, thanks to the fiuidificatioa 
and to the size of the raw materials from the feeding section, to the constant 
speed t e syngas in it, which is j nt diameter parts 

and through the use ox the variable thermal profile. This means to feed the 
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discharge section only with the solid residues which cannot be gasified 
anymore. This resnlt is very important because in the reactor there is no 
accumulation of the raw mare e sc \o \ ng i this way the 

standard setting running in a few seconds at the feeding start up, and the 
5 s j ^ . - t j i k . o ^^>k, ^ v ^ac .edins 

stop. In this way in every moment both the complete control of the process 
and therefore the working max. safety are guaranteed. The safety aspect as 
egards do _ c ls, is e < e t g ght« s considered that 

the useful volume of this reactor, compared to any other equal power 
10 solution, is drastically smaller, as well as the syngas volume at stake is, 
allowing a total nsrt itio wit ixoge < > 2 in very short time in case of 
emergency. 

2.2.1 THERMAL PROFILE 

The thermal profile of the gasification reactor is reached and maintained 

15 through the series of torches which are installed at the suitable reactor 
section. The torches are built in thermal steel and the part entering the reactor 
has a cooling jacket to avoid dangerous overheating. For this reason a suitable 
cooling circuit has to be made for all the torches of the reactor. Each torch is 
equipped with a start electrode, a flame detector and its own temperature 

2.0 detector sensor, located on the wall of Ore gasification chamber at the same 
height as the tor . ite to th rch itseli unhustibk 

gas i;nd comburent gas feeding takes place through two concentric channels, 
suitably foreseen in the torch., which allow the flame firing just at the head of 
the torch itself k static mixes s installed at the oc niranee, f 

25 hon i fuel ib in c gas is s neously fed. The 

feel and comburent flow rate is constantly and electronically monitored to 
measure and dose the quantities at stoichiometric level. Each torch will be 
equipped with electronic meters and proportional valves for the combustible 
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and comburent gas and the syngas. It will "be possible to set the flow rate 
values of each fed gas in the control room, and these will be automatically 
maintained, The combustible gas flow rate regulation of each torch is 
automatically determined by the temperature measured by the suitable sensor 
5 located close to the torch itself The comburent flow rate regulation of each 
torch is automatically determined by the quantity of the fuel fed to the torch, 
according to the set stoichiometric ratio. In this way it is possible to set the 
temperature value (in the different reactor areas) related to the thermal profile 
set for that reactor or that specific application. 

10 At the end of the gasification area there is the connection cylindrical 

section, which is equipped, m the upper portion, with a flange for the. 
connection with the last cylindrical section of the thermal areas. At least two 
doors are foreseen on their walls and they are located at 180° one from the 
other for the generated syngas emission. The lower section, from the 

15 connection cylindrical section, has a frustum-cone for the coupling with the 
discharge area of the inorganic and mineral residues present in the raw 
materials led to the gasification reactor. 
2.3 SOLID RESIDUES DISCHARGE AREA 

The discharge section of the gasification solid residues, to be installed m 

20 the lower part of the reactor, is foreseen in two working procedures and 
consequently has two different realization solutions. A further feature of this 
reactor is the double possibility of solid resumes discharge of which it can be 
equipped with, thanks to the variable thermal profile which allows to provide 
these residues, entering th are am i.tab c ~d g c 

25 the final treatment they have to undergo. All the equipment described in this 
cfeapte? is well knov a me nc arge and 

the operating procedure in a slightly oxidizing atmosphere connected to a 
seoti c n o f tl e reactoi in g a tmosph ere . 
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2,3.1 POWDERY RESIDUES DISCHARGE 

The first so^. r c - ?;e of t e resif »i so id > ? f « 

form. This solution is adopted when, because of the typology and the 
homogeitization of the raw materials fed to 1 <. s reac 
possible to characterize the qual.ity of the residua! inorganic substances, 
assigning them to the re-use hi the same process they come from, or as raw 
materials in other processes. 

This recovery process is carried out through a chamber for the final 
oxidation of the solid residues, that is linked to the lower section of the 
co;un*otmg e> s>r ,ai taction. 

Fhis c iiber consists of < horizon c] \&< lined Ice tl one. 
described for the gasification, chamber, inside which a screw is located. 'The 
diameter of the cylinder is at least double than the max diameter foreseen for 
the screw, which is sized for the max flow rate of the foreseen powders, The 
screw is installed at least 1 * 2 cm far from the lower part of the cylinder, 
letting the volume between the screw and the upper part of the cylinder free. 

1 1 ^ V -"ts length, 

thereby providing the final thermal oxidation of the powdery residues. The 
torches are fed with a slight excess of coiuburent, thereby allowing the 
oxidation of any residual organic carbon present in the powders. The chamber 
length is related to the residence time the residues in this section should, have. 
The working temperature in tins section is about 7OO-80O°C, and it is 
determined by the residues melting point, which has not to be exceeded for not 
risking the melting. The screw is kept at 250°C thanks to a cooling liquid 
circulating inside it The residual powders, pushed by the screw, are 
discharged through the suitable outlet at the end of the cylinder, at the lower 
part. These powders are fed to a mobile container, which should be tightly 
sealed to prevent the ambient air from coming into contact with the 
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r\ 3f 1 . itio iamb 
2,3.2 VITRIFIED RESIDUES DISCHARGE 

The second solution concerning the solid residues discharge system, 
foresees their vitrification. This solution is adopted when, due to the typology 
5 and the heterogeneity of the raw materials fed to the gasification reactor, it is 
impossible to re~use these solid residues in other industrial processes; or, due 
to their analytical characteristics, these solid residues can be an environmental 
risk. In this case the solid residues are vitrified by melting., followed by abrupt 
cooling in water. The vitrified residues are completely inert as the process is 

10 Irreversible because the solid residues are included inside the vitreous matrix. 

This inertization process is carried out in a final discharge area of the 
residiteSj connected to the gasification chamber. The discharge chamber 
i.r- 4 s -r ^ n e i o i _ ^ ^ > ^ *^ n ! 

and the lowest point at the discharge door arranged on the lower side. This 

15 discharge section is lined with refractory materials similar to those mentioned 
for the gasification chamber, bill the refractory layer in contact with the 
melted solid residue is thicker because of the - er - i srature and 

contains special additives to provide higher abrasion resistance. On the upper 
side opposite to the discharge door, a flanged opening allows assembling to 

20 the lower part of the connection, cylindrical section of the gasification area. 
The upper side of the inciter has an elliptical form allowing to obtain a vaulted 
roof, through the refractory lining, necessary to a better radiation of the lower 
side. The melting chamber length should be at least larger than the max 
diameter of the gasification chamber, and it is determined by the residence 

25 time set for that application. The working temperature of the melter is about 
1500 D C. 

This thermal running is obtained by 3 torches at least, which are fed with 
gaseous fuel and oxygen as combuxent Oxygen is dosed in a slight excess to 
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the stoicbiometric, to guarantee a slightly oxidizing atmosphere, which attains 
an u ar ^ dr« oUe» 

These solid residues from the gasification process settle on the initial 
part of the fusion ebambei e elied, th coming quid substance 

5 n v . !i j,e i ^..mancr; o d vrr w; T along its length flowing 
then into the water basin below, through the discharge door. This basin 
consists of an at least 2 m 3 vol. parallelepiped container, kepi at constant level 
with water for 50% of its volume, In the upper part of this container there is a 
section for the tight flanged connection to the discharge door of the melter. In 

10 the lower part of the container a screw is located, having a 45° inclination, 
lie screw length is determined by the height of the discharge point of the 
screw itself, The discharge point should be at least 1 meter higher than the 
vate eve ins e the i it i sec tic the screw which s 

water-tight,, the water level will be the same as that in the container. Thanks 

15 to this solution the gasification solid residues the discharge section and melted 
because of the temperature, fail into the water and shatter, and because of the 
violent cooling, they vitrify. The screw, located at the lower part of the 
container, continuously transports the residues to the container below, for 
storage. The constant water level mates, .during the working, an hermetic sea! 

20 barrier preventing the contact between the external atmosphere and the reactor 
internal one. 

2.4 HEAT RECOVERY 

The syngas which is generated in the gasification chamber comes out 
through two flanged connectors set at 180° one from the other. Two heat 
25 exchangers are connected to each of these connectors in order to cool the 
syngas from s 220G°€ to ~ 250°C, recovering the heat for steam production. 
The heat exchange takes place between the syngas which flows inside the 
pipes and the diathermic oh which flows outside the pipes. The diathermic oil 
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circulates in a close circuit connected to the steam generator where the 
enthalpy in of fee syngas is recovered. The generated steam is used in the 
conversion reaction CO + H2O -4 H 2 *€C>2, 
2.5 SYNGAS NEUTRALIZATION AND CLEANING 

5 The syngas neutralization and cleaning are carried out in a high 

performance multi-stage system so that the syngas which comes out shows no 
incompatibility with the following reaction stages, The syngas may contain 
varying quantities of carbon black, metals and acid substances, according to 
the typology of the fed raw materials. The multi-stage system foresees specific 

10 treatment sections for each typology of present pollutant. For this reason each 
treatment area should be equipped with a specific circuit for a specific 
pollutant or pollutants group absorption to separate and possibly recover the 
absorbed substance. As a consequence, there is not a fixed scheme which is 
valid for all the typologies of raw materials that can be fed to the plant, 

15 However the multi-stage units will substantially correspond to what follows 
here.. 

[ he .5 st our consists of a quencher for the syngas cooling and saturation 
lis. water, The syngas temperature decreases from s 250°C to ™ 90°C and the 
saturation in water provides better efficiency in the next treatment stage. The 

20 quencher consists of a steel cylinder equipped with a hydraulic circuit, fed by 
a suitable pump, and of a series of a vaporiser nozzles located on the wall, 
which continuously spray the syngas. 

The second unit consists of a variable throat veniuri. The feature ox this 
plant section is the high efficiency of separation of any carbon black contained 

25 in the syngas (in the form of micron powders), even in the presence of 
continuous flow rate changes. As in this case the efficiency is directly 
proportional to the pressure drop, it is very important to guarantee the 
established pressure drop design value constantly. The circulation liquid is fed 
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in the upper part of the vested through tangential pipes which force the liquid 
to rotate on an opened surface I on g fee * n up to 

the throat. The liquid is also fed through a pipe cent a p ed wh ch sends 
the liquid itself to the top of the central cone. This liquid flows down along 

5 the divergent wall of the central cone to the throat. At the throat entrance a 
mist develops in front of the gaseous stream. 

The gas collides with the above mentioned mist and causes the 
atcmization of the liquid. The solid particles are captured by the droplets thus 
making the scrubbing. The throat of the venturi is adjustable. The venturi is 

10 equipped with a central bob that can move vertically in order to change the 
passage area through the throat. In this way the gas optimum speed through 
the throat can be maintained within a wide range of gas flow rates, always 
keeping the pressure drop and equipment in full working optimal conditions. 
The axial movement of the central bob is operated by a pneumatic Gylinder 

15 having a proportional drive according to the signal from the suitably installed 
differential pressure electronic transmitter. The process liquid is recycled by a 
suitable pump and continuously Altered to separate the particles which are 
absorbed e< eles i ; N < nssu .tre fed again to 

the gasificator, 

20 The third unit consists of a multi-stage scrubber, which consists of a 

column inside which there are at leas: three ep« areas in 

the first area, intended for the absorption of any metals contained in the 
syngas, contains a series of saita >!e trays on which the absorbing solution, 
kept at acid pH, is circulated by a pump. The circuit of this solution is 

25 equipped with a suitable treal 1 - x c 2 contained metals are 

precipitated, filtered and separated, and the solution is recycled. Another 
series of trays is located in the second area which is destined for the acid 
substances neutralization. On these trays the neutralizing solution, kept at 
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bas;c pll is circulated by a pump The c rcuit of ii o ; c ipped with 

a suitable treatment section where the obtained salts are precipitated, then 
\ d, and the solution s re wcled 
te third area co st> g el e c\ iemister foi ic separatioi v> 

5 the microdrops which are dragge - . fled syngas. 

2.6 SYNGAS COMPRESSION UNIT 

The neutralized and purified syngas are fed to a multi-stage compression 
unit having the task both to avoid the pressure drops which are generated by 
the equipment set above it and to compress the syngas to the 25 bar pressure., 
10 necessary to the next reaction steps. As the working pressure difference 
upstream and downstream the compressor is too high (from atmospheric 
pressure in the gasification chamber to 25 bars in the columns afterwards the 
compressor) ; it is necessary to use a compressor having at least three 
compression stages in series in order to reach the fixed working pressure. The 
15 compressor is equipped with a flow rate regulation system connected to an 
electronic pressure transmitter, located in the gasification chamber. Being the 
aim the constant maintenance of the working pressure in the gasification 
chamber, as this increases, the compressor flow rate will increase too, and 
vice vers a. 

20 2.7 FRACTIONATION OF THE SYNGAS INTO THE PURE GASES 

The fractionation unit of the syngas in pure gases consists of a series of 
equipment where the specific steps take place. The aims of this unit are the 
following ones: a) to cany out the catalytic conversion of the present CO into 
H-h'CG?, thereby increasing the concentration of these two substances while 

25 minimizing CO which is the non-usable substance; b) absorption of C0 2 to 
remove it from the syngas stream; subsequent desorption to release pure C0 2 
and final nderc § the s i e io i - .0 ~ v „ torage; c) absorption of 
H2 to remove it from the residual syngas stream, desorption and final 
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compression (if necessary) for the storage; d) feed il gas stream, 

• i] ise i npre\ >us t e ex fo 1 s > n prodm on 

The first section of this -unit, consist of the reactor for the conversion of 
CO+H 2 0 into CO2+H2 is die presence of catalysis based on 2nO-CuO-Al 2 0 2 , 
5 which are active at 180-350°C, Syngas and steam streams are fed to this 
reactor at 25 bar pressure and at 280°C. In presence of the above mentioned 
catalysts, the conversion reaction CO+H 2 G<->C0 2 *H 2 takes place with a 
conversion efficiency £ §4%, The reaction is exothermic and the generated 
heat is recovered, using the gaseous stream from the reactor to heat the input 

1 0 stream to the conv ersion reactor by means of a heat exchanger. 

The second section of this unit consists of a couple of columns for the 
separation of the C0 2 contained in the fed syngas. 

30% Potassium carbonate m water solution is circulated in the columns 
at 80°'G.. Activators such as arsenic or selenium txioxide are used to increase 

15 the adsorption rate. In this condition, in the first column which is kept at about 
22 bars, the exothermic reaction K 2 C0 3 + H z O + CG 2 ->2KHC0 3 takes place. 
At this column outlet the syngas mixture contains a C02 residual percentage 
equal to 2% max. In the second column, CG 2 desorption takes place through 
the simple expansion and si ipping in vapour stream of the aqueous solution, 

20 that is thereby regenerated and sent again to the first column. The C0 2 
produced, at 99.5% purity, is cryogenically cooled and liquefied and finally 
sent to die storage hox for the final use. 

The third section of this unit consists of 2 columns for the separation of 
the ydro & e » «. +^ ^ pr r, N c t ^ a <> 

25 at 21 bar pressure and at a 40° C temperature, and are filled vith molecular 
sieves. The two columns should work alternately in order to have continuous 
hydrogen production. The syngas is fed to the feat column, where the 
molecular sieves retain the other gaseous components, releasing only the 



hydrogen, which is sent to the storage tank. As soon as the molecular sieves 
reach saturation, this column is closed and the syngas is fed to the second 
johmm, while the first one undergoe * nerat i ongh a nits gen stream, 
to be ready for the next cycle. The separation performance of the fed hydrogen 
is 81% in comparison with the recovered one. The tail gases of this section, 
obtained during the nitrogen regeneration, are kept raider 1 .5 bar pressure and 
used as fuel gas in the boiler for the steam production. 
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For better explaining the features of this invention, the main construction 
characteristics of the equipment necessary to the process execution, are 
reported in the drawings herein enclosed, as illustrative bnt not limitative. 
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Pig. 1 of the process ? word >resent invention 

Fig, 2 Scheme of the gasification reaction apparatus according to the present 

invention, wit iseharg ; ues in the vitrified form 
Fig. 3 Scheme of the gasification apparatus, according to the present 
5 invention,, with the discharge of solid residues in the powdery form. 

Fig. 4 Scheme of the apparatus necessary for the process according to the 
present invention, for producing H 2 and CO a at high purity, from the 
raw materials feeding, 
In fig, 2, 1 indicates the apparatus according to the present invention. It 
10 consists of the raw materials feeding group 3, the gasification reactor 5, the 
discharge of solid residues in the vitrified form 7. The raw materials: are 
transported from the storage tanks to the service tank 31 through traditional 
systems. By actuating the two-way valve 32, the raw materials are sent to the 
thickening channel 33. When this is felly filled, the two-way valve 32 is 
15 actuated again, thus sending the raw materials to the thickening channel 34. 
Simultaneously to actuation of the. .two-way valve, push piston 35 is operated, 
which presses the raw materials against: the walls of the slide door valve 36, 
thereby attaining the desired density CO. 6 •- 0.8 Kg/dm"). After completion of 
the thickening step, the push piston is stopped, the slide door vale 36 is 
20 opened \ &o oistos is op^ gain thus pus xls to th 

feeenrg i " r < i has passed the slide door valve, it is 

stopped and moved back to the starting position, ready for the next cycle. The 
jressed rav, mater als reac i at the end oi fcl 

where their size is reduced; then the raw materials fall into the arehimedean 
25 screw 39 below, which feeds them to the gasification reactor. The same 
working sequence is carried out through thickening channel 34, push piston 
40, slide door valve 41, feeding channel 42, to ensure continuous feeding to 
the grinder. To guarantee safety in this part of the plant, a C0 2 flow is 
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continuously fed through part 43, to kiertize the whole feeding section. 

The feeding section of the gasification reactor consists of cylindrical 
section 5L equipped with an inspection door 52 in the upper pari, and with the 
flanged junction 53 in the lower part, for the connection to the section below. 
5 On the wall of the cylinder there is a laaged junction 54 for the connection to 
the feeding archimedean screw 39, transporting the substances to be gasified 
from grinder 38 to reactor 5, 

The variable thermal profile gasification area consists of a series of 
cylindrical sections of reactor 55. which can be placed one on top of the other 

10 even if they have different diameters, thanks to the frustum-conic tapers 56 
which allow the coupling, .Each part of this area is equipped with at least a 
couple of thermal torches 57, at least one meter distant and alternately set at 
ISO* one from the other. In front of each; torch, on the opposite side of the 
-cylinder, a probe 58 is installed for the temperature survey. According to the 

1.5 temperature setting in the thermal profile arranged for that reactor, each probe 
will regulate the fuel quantity of the corresponding torch, in order to keep the 
exact temperature foreseen in that point The lower part the gasification 
chamber ends with the cylindrical section 59. This cylindrical frustum is 
equipped with flanged junctions at its ends for the connection upwards to the 

20 gasification section, and downwards to the solid residues discharge area. On 
the cylinder wall there are two output doors 60 of the syngas for the next 
treatment steps. 

The discharge area 7 of solid residues consists of a horizontally oriented 
•~2ia c -w \ 1 ?\ ,ng a slope between 4% and 8%. At one of the two 

25 ends, ai the upper side, the coupled connection 71 is set, which connects the 
c s Irlcal section 5 1 ? 

At tin bottom opposite side is 
located. The residues are melted as guaranteed by the working of the torches 
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73, The temperature, pre-set in this area at £ 15O0°C, Is measured by probe 

74, whic les 73 with a s 

to ensure 1 e gasifk ion solid 

residues. Hie outlet 72 is connected to container 75, which is kept at constant 

5 level with water. Gasification solid residues, melted by the high temperature, 
go along the melter, which is made easier by the slope, and go out of the outlet 
72 to reach the water inside container 75, where they undergo violent cooling., 
thus vitrifying. The archimedean screw 76 provides the continuous transport 
of the vitrified residues from container 75 to container 77. 

10 In fig. 3, number 1 indicates the apparatus according to the invention. It 

consists of: raw materials feeding group 3: gasification reactor 5; the 
discharge system of the solid residue in powdery form, 8. Feeding group 3 and 
gasification reactor 5 are exactly the same as those described in fig. 2. In the 
discharge area of gasification solid residues in powdery form, discharge 

15 thermal oxidation is carried out to remove any carbon traces. This area 
consists of the cylindrical (horizontal) chamber 8 connected to gasification 
area 5 through connecting cylindrical section 59, as well as inlet 81, located at 
one of the ends of the upper part of the chamber itself At the other end of the 
chamber, but on the lower side, outlet 82 for the powder solid residues is 

20 present. Inside this cylinder, at least 1 cm. high from the lower part, screw 
pump 83 is located, for transporting the solid residues from the gasification 
section to outlet 82. The final oxidation of the powdery solid residues is 
carried out by the flame of torches 84, fed by oxygen excess. The solid 
residues from discharge door 82 enter container 85, where through 

25 arcs < :rew 86 are transpor T io o tamer S'} tc be sent to the 
final destination. 

Fig, 4 shows the raw materials feeding group 3; gasification reactors 5; 
discharge and vitrification system of gasification solid residues 7; heat 
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exchangers 9; syngas purification equipment 10; syngas compressor units 11; 
the catalytic reactors 12 for the conversion CO + H?0 into H 2 * C0 2 ; 
adsorption and ciesorption columns 13 for C0 2 separation; the two columns 14 
alternately operating H 2 separation from the syngas; holler for steam 
production 15, using tail gases from the previous steps as alternative fuel. 



'•■ 0 152/057396 PCT/EP01/14958 

30 



L A process for the production of pure syngas (hydrogen aad carbon 
dioxide) by fast gasification of liquid, muddy, or solid raw materials, either 
produced for the purpose or from industrial processes in which they can sot be 
recycled, or feels from wastes or biomasses, comprising the steps of feeding, 
fast theme-gasification, extraction of solid residues in the powdery or 
vitrified form, syngas cleaning and compression, separation of the pure gases, 
which process is characterised in that: 

a) raw materials are treated in the feeding section of a vertically 
oriented monorubular reactor, having descending flow with 
differential pressure system, for introducing said materials into the 
gasification area of the reactor without entraining external air and 
with size being in inverse relation to the thickness; 

b) rat im afs i e asiflcatic area t erg gasi t Hon in 
reducing atmosphere., at a working temperature regulated by a: 
changeable thermal profile, which is obtained through a series of 
torches couples located along the gasification area each at 180° horn 
the other, which temperature, according to the physical-chemical 
characteristics of the fed raw materials, ranges between a minimum 
of = 350°C in the upper part of the gasification area, and a max of 
s 1200 °C -in the lower part of the same area; 

c) gasification solid residues are gathered by falling into the discbarge 
area located at the bottom of the reactor, which, depending on the 
circumstances, can act either as final oxidation chamber with 
discharge in powdery form, or as oxidation chamber and melter with 
subsequent \ ri in water; 

d) syng * as on p -'ess is sour to eh - 1 and 
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multi-stage separation treatment to obtain H2 sad CO2 having pnrity 
higher than 99%. 

2. A process according to claim 1 ; characterized in that in the feeding 
section a) of the reactor, raw materials are first compressed to remove fee air 

5 therein, then they are fed through a differential pressure system, to prevent 
external air from entering reactor; then they are ground to a controlled size, to 
make fast gasification easier, and, for safets te are fed tc e gas ficati n 
area under inert atmosphere by a CO, stream. 

3. A process according to claim 1, characterized in thai gasification area b) 
10 of the monotubular reactor consists of a series of thermal zones, obtained in 

cylindrical sections of -s I .to 3 m length, having inner diameter (growing size 
from top to bottom} between ~ 0,5 m mm and s 2,5 m max, whose working 
temperature can be freely set between -3 350 C C and 1200°C. 

4. A process according to claim 3, characterized m that each thermal zone 
15 has its own. couple of torches, where temperature is measured by a 

thermocouple which, through an electric circuit, regulates the flow of fuel and 
oxygen., as unique combureat, dosed in stoichiometric ratios. 

5. A process according to claim 1, characterized in that the discbarge area 
0) is equipped with an archimedean screw for discharging the powdery 

20 residues, previous final thermal oxidation, to remove any carbon traces, 

6. A trv v ' . v <. ' ^charge area e) is 
steep to let molten solid residuals flow, previous final thermal oxidation to 
remove any carbon traces. 

7. A process according to claims 5 and 6, characterized in that the discharge 
25 area is equipped with torches, independent of the torches of the gasification 

a en «m ig d eir ov 1 te rpei \ , dob allow to reach the 

. being either in 

the powdery or vitrified form. 
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8, A process according to claim 7, characterized in liu k u ches of ihe 
discharge area can be fed by an excess of eomburent, thus creating a slightly 
oxidizing area which provides removal of the carbon from the gasification 
solid residues. 

5 9. A reactor (1) for carrying out the fast thermal gasification process of raw 
materials according to claims 1-8, which reactor comprises: a differential 
pressure feeding area (3) to prevent air from entering the reactor, comprising a 
grinde v jdu „ £ eriais to the desire ze tra 
to the next section through the archimedean screw (39); a gasification area (5) 

10 consisting of a series of cylindrical sections (55), one on top of the other, of 
s 1 to ~3m length, each equipped with at least a couple of torches (57) and 
with thermomeiric measurement devices (58); a solid residues discharge area 
(connected to the gasification area through cylindrical section of reactor 59) in 
partially oxidizing atmosphere, for the extraction in vitrified form (?), or in 

15 powdery form (8). 

.10, A reactor according to claim 9 > characterized in that the gasification area 
consists of cylindrical sections (55) one on top of the other, having variable 
diameter, joined by tapers (56), thereby keeping the developed syngas at 
constant crossing speed through the cylindrical sections, along the whole 

20 gasification area, 

11. A reactor according to claim 9, characterized in that the series of 
therrnometric measurement devices (58) provides variable thermal profile 
according to the typology of the fed raw materials. 

12. A rea \ ... >rding to claim 9 aracxei i tl ie solid residues 
25 discharge area consists of a horizontally parallelepiped chamber, with 

inclination of 4-8 towards the discharge outlet (72) to promote the gathering 
of the molten residues. 

13 A reactor according to claim % eharactei zed a tha large area 
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consists of a cylindrical horizontal chamber, equipped with an arehimedean 
screw (S3) for feeding the po . s < - targe outlet (82 

14. A reactor according to claim 9, characterized in that in gasification area 
(5), all torches (57) are equipped with an electronic regulation system to set, 
through a computet in the control-room, the most suitable thermal profile to 
the gasification of the raw materials fed to the reactor. 

15, A reactor, according to claim 9, characterized in that gasification area (5) 
is kept at reducing atmosphere and is connected to the discharge area for the 
vitrified (7) or powdery (8) solid residues discharge, which is kept at slightly 
oxidizing atmosphere. 
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